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Abstract
Λ+c baryons and D
0 mesons are studied in pPb collisions at √sNN = 5.02 TeV. The nuclear modiﬁcation factor and
forward-backward cross-section asymmetry are measured in order to study the cold nuclear matter eﬀects. The prompt
Λ+c production cross-section is compared to that of the prompt D
0 mesons, providing insights into the hadronisation
mechanism of charmed hadrons.
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1. Introduction
Heavy quarks are sensitive probes to study the properties of the Quark-Gluon Plasma (QGP). The QGP
is a state of matter consisting of deconﬁned quarks and gluons produced at high temperature in ultrarela-
tivistic heavy-ion collisions. Heavy quarks are created in pairs in the early stage of heavy-ion collisions, and
undergo rescatterings or energy loss in the hot and deconﬁned medium. Several experimental measurements
of D0 meson production in heavy-ion collisions at RHIC [1] and at the LHC [2] indicate strong interactions
between charm quarks and the medium. In order to quantify the eﬀects induced by the hot medium, cold
nuclear matter eﬀects, which also aﬀect heavy-quark production in nucleus-nucleus interactions, must be
quantitatively disentangled. The results on prompt D0 meson production in pPb collisions at
√
sNN = 5.02
TeV in the forward rapidity region [3] will be presented, in comparison with theoretical calculations includ-
ing nuclear modiﬁcation of the parton distribution functions, as well as the expectations from Color Glass
Condensate models. Furthermore, the measurement of prompt Λ+c production in pPb collisions [4] extends
the study of cold nuclear matter eﬀects to charmed baryons. The forward-backward asymmetry of prompt
Λ+c production is measured as well as the baryon-to-meson production ratios for charmed hadrons to probe
the charm-hadron formation mechanisms [5, 6]. Measurements of the baryon-to-meson ratio for light and
strange hadrons have shown a signiﬁcant baryon enhancement at intermediate transverse momentum (pT)
Available online at www.sciencedirect.com
Nuclear Physics A 982 (2019) 683–686
0375-9474/© 2018 Published by Elsevier B.V.
www.elsevier.com/locate/nuclphysa
https://doi.org/10.1016/j.nuclphysa.2018.09.062
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
in central heavy-ion collisions [7, 8]. The STAR experiment has reported a signiﬁcant enhancement of the
Λ+c production in AuAu collisions at
√
sNN = 200 GeV [9]. In addition, the ALICE collaboration has recently
measured Λ+c production in pPb collisions at
√
sNN = 5.02 TeV in the central rapidity region [10]. The mea-
surement of Λ+c production in the forward rapidity region provides complementary information helping the
interpretation these results.
2. LHCb detector and data sample
The LHCb detector [11] is a single-arm spectrometer, which covers the forward pseudorapidity range
2 < η < 5. It is designed for precision measurements of heavy ﬂavour hadrons with unique capabilities,
which include hadron reconstruction down to very low pT, precise decay vertex reconstruction to distinguish
prompt and secondary decay particles, and excellent particle identiﬁcation based on the RICH detectors.
The open charm analyses use a data sample of pPb collisions at
√
sNN = 5.02 TeV, with Ep = 4 TeV and
EPb = 1.58 TeV per nucleon, leading to a rapidity shift of Δy = 0.465 in the nucleon-nucleon centre-of-
mass system with respect to the laboratory frame. Since the LHCb detector covers only one direction of
the full rapidity acceptance, two distinctive beam conﬁgurations were used. In the ‘forward’ (‘backward’)
conﬁguration, the proton (lead) beam enters the LHCb detector from the interaction point. The acceptance
is 1.5 < y∗ < 4.0 for the forward conﬁguration and 2.5 < y∗ < 5.0 for the backward conﬁguration, where
y∗ denotes the rapidity in the nucleon-nucleon centre-of-mass system. The analysed integrated luminosity
is 1.06 ± 0.02 nb−1 and 0.52 ± 0.01 nb−1 for the forward and backward conﬁgurations, respectively.
3. Prompt D0 and Λ+c production in pPb collisions at
√sNN = 5.02 TeV
D0 candidates are reconstructed via the hadronic decay channel D0 → K−π+. The prompt and non-
prompt (originating from b-hadron decays) D0 candidates are distinguished by using the D0 impact param-
eter with respect to the primary vertex. The nuclear modiﬁcation factor RpPb is the ratio of D0 production
cross-section in pPb collisions to that in pp collisions, RpPb ≡ 1/A×σpPb(pT, y∗)/σpp(pT, y∗), where A = 208
is the mass number of the lead nucleus. The LHCb measurement of prompt D0 production in pp collisions
at
√
s = 5.02 TeV [12] is used to evaluate the RpPb ratio. Fig. 1 shows the prompt D0 nuclear modiﬁcation
factor in bins of y∗ and pT in the forward conﬁguration. The measured RpPb ratio is close to one at backward
rapidity, while a signiﬁcant suppression is observed at low pT in the forward rapidity region. The sup-
pression decreases slowly with increasing pT. The measurement is compared with theoretical calculations
using the nuclear parton distribution functions (nPDFs), as well as the colour glass condensate framework.
The theoretical calculations show reasonable agreement with the data. The experimental uncertainties are
signiﬁcantly smaller than the uncertainties related to the nPDFs in the calculations.
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Fig. 1. Nuclear modiﬁcation factor RpPb of prompt D0 mesons in pPb collisions in bins of (a) y∗ and (b) pT in the forward conﬁguration
sample. The error bars represent the quadratic sum of the statistical and the systematic uncertainties.
The Λ+c baryons are reconstructed through the Λ
+
c → pK−π+ decay channel. Proton, kaon and pion
candidates are selected with particle identiﬁcation requirements based on the RICH detectors signals. The
impact parameter of the Λ+c candidates with respect to the primary vertex is used to separate prompt Λ
+
c
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candidates from nonprompt Λ+c candidates originating from b-hadron decays. The raw Λ
+
c signals are de-
termined from ﬁts to the m(pK−π+) invariant mass distribution and the Λ+c impact parameter distribution.
The total eﬃciency is decomposed into the geometrical acceptance, the reconstruction and selection eﬃ-
ciency, and the PID eﬃciency. The geometrical acceptance is determined from simulations at the generator
level. A full detector simulation based on Geant4 [13, 14] is used to calculate the reconstruction and se-
lection eﬃciency, which is corrected to account for detector occupancy eﬀects. The particle identiﬁcation
eﬃciency is estimated by a data-driving method using high purity samples of D0 mesons from D∗(2010)+
decays for kaons and pions, and Λ baryons for protons. The prompt Λ+c production results presented in these
proceedings and the related publication [4] supersede the preliminary results reported in Ref. [15].
The forward-backward ratio RFB measures the Λ+c production asymmetry in the forward and backward
rapidity regions. It is deﬁned as RFB ≡ σ(+|y∗|, pT)/σ(−|y∗|, pT), where σ(+|y∗|, pT) and σ(−|y∗|, pT) cor-
respond to the cross-sections of the forward and backward rapidity regions, respectively. Fig. 2 shows the
prompt Λ+c RFB ratio as a function of pT in the common rapidity region between the two conﬁgurations
2.5 < |y∗| < 4.0, and the RFB ratio as a function of y∗ in the region 2 < pT < 10GeV/c. The results are
compared to calculations [16] using the HELAC-Onia generator [17, 18], where the Λ+c production cross-
section is parameterised starting from the Λ+c cross section measured in pp collisions [19]. The calculations
incorporate EPS09LO, EPS09NLO [20] and nCTEQ15 [21] nPDFs. Good consistency between the data
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Fig. 2. Forward-backward production ratios RFB as function of (a) pT integrated over 2.5 < y∗ < 4.0 and (b) y∗ integrated over
2 < pT < 10GeV/c. The error bars represent the sum in quadrature of the statistical and the systematic uncertainties.
The measured D0 and Λ+c cross-sections in pPb collisions at 5.02 TeV are used to calculate the baryon-
to-meson production ratio, RΛ+c /D0 ≡ σ(Λ+c )/σ(D0). The RΛ+c /D0 ratio is sensitive to the fraction of c quarks
fragmenting into Λ+c and D
0 hadrons. Fig. 3 shows the pT and y∗ dependence of the measured RΛ+c /D0 ra-
tio. The coloured curves illustrate the HELAC-Onia calculations [16, 17, 18]. The eﬀects of the nPDFs
tend to cancel in the ratio RΛ+c /D0 , and the calculations with the three nPDFs show comparable values
and similar trends. The data points are in general consistent with the calculations. At pT greater than
7GeV/c, the calculations overestimate the experimental results. The RΛ+c /D0 ratio shows a relative ﬂat dis-
tribution for the full rapidity range. The ALICE collaboration has recently published a RΛ+c /D0 ratio equal
to 0.602 ± 0.060 (stat) +0.159−0.087 (syst) in 2 < pT < 12GeV/c and −0.96 < y < 0.04 in pPb collisions at√
sNN = 5.02 TeV [10]. The result reported in these proceedings is generally lower, but still compatible,
than the ALICE measurement.
4. Conclusion and prospects
Prompt D0 mesons and Λ+c baryons production cross-sections and nuclear modiﬁcation factors are stud-
ied in pPb collisions at
√
sNN = 5.02 TeV. The production ratio RΛ+c /D0 between Λ
+
c baryons and D
0 mesons
is presented. The results show reasonable agreement with theoretical calculations, and demonstrate the
LHCb experiment’s ability to make a signiﬁcant contribution to precision measurements of open heavy
ﬂavour in heavy-ion collisions. The experiment collected a dataset of 34 nb−1 pPb collisions at √sNN = 8.16
TeV in 2016, which is about 20 times larger than the 5.02 TeV dataset. An improvement in the precision of
heavy ﬂavour measurements is, thus, expected to be achievable in the near future.
























































Fig. 3. The cross-section ratio RΛ+c /D0 between Λ
+
c baryons and D
0 mesons as a function of pT in (a) the forward rapidity region,
(b) the backward rapidity region, and (c) as a function of y∗ integrated over 2 < pT < 10GeV/c. The error bars represent the sum
in quadrature of the statistical and the systematic uncertainties. The coloured curves represent HELAC-Onia calculations with nPDFs
EPS09LO/NLO and nCTEQ15.
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